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Carotid color-flow duplex scanning is an ideal
noninvasive means of evaluating patients for carotid
stenosis. Our current practice is to obtain color-flow
duplex scans (CFS) before carotid endarterectomy
(CEA); as the diagnostic method of choice, it is used
intraoperatively to detect technical defects that may
require immediate correction and on the first day
postoperatively to identify residual lesions.1 For
postoperative surveillance, patients are asked to
return for follow-up CFS after 6 months, then year-
ly thereafter. The purpose of this review was to
determine if we could eliminate any of these CFS
examinations. Because we use preoperative scans
instead of angiography for diagnosis and because we
have come to rely on intraoperative scans to ensure
a good technical result, we questioned the necessity
of the early postoperative CFS.
PATIENTS AND METHODS
Patient selection. The vascular registry at Loyola
University Medical Center includes all patients who
have had a CEA since 1978. The vascular laboratory
records of all patients undergoing intraoperative and
postoperative CFS were reviewed. 
Color-flow duplex scanning. In 1986, we began
intraoperative carotid CFS. We also routinely observed
our patients with a CFS on postoperative day 1, after
6 months, then yearly thereafter. In a few patients,
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Purpose: The results of intraoperative and early postoperative carotid color-flow duplex
scanning (CFS) after endarterectomy were reviewed to determine whether any perioper-
ative studies could be eliminated.
Methods: Patients undergoing carotid endarterectomy with intraoperative CFS between
1986 and 1997 were identified. Early postoperative CFS was performed between 1 day
and 3 weeks postoperatively, then it was performed again at 6 months postoperatively.
Results: During the study period, 560 patients, 325 men and 235 women, underwent
621 carotid endarterectomies. A satisfactory intraoperative carotid CFS was completed
in 611 (98.4%) patients. There were 20 (3.2%) vessels with a major defect that required
revision for fronds or flaps (n = 11), retained atheroma (n = 5), low flow (n = 2), high
velocity or turbulence (n = 1), or dissection (n = 1). Another 146 vessels (23.5%) had
minor defects, such as retained proximal atheromas or small (less than 3 mm) fronds,
but were not revised. The remaining 445 vessels were normal. The first postoperative
CFS was normal in all the revised carotids and in 138 (94.5%) vessels with minor intra-
operative defects. At 6 months, recurrent stenosis (more than 75% area reduction) was
identified in 1 of 18 revised carotids (5.5%), 4 of 138 vessels (2.9%) with minor defects,
and 17 of 406 vessels (4.2%) that were normal intraoperatively. The incidence of recur-
rent stenosis was not significantly different in the three groups (P = .7).
Conclusion: Intraoperative CFS is useful because major unsuspected defects can be cor-
rected immediately, thus avoiding potential neurologic morbidity. However, the postop-
erative day 1 CFS can be eliminated in most cases, because it does not provide any rele-
vant clinical information. (J Vasc Surg 1999;29:833-7.)
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CFS could not be obtained on postoperative day 1
because of edema or other technical and logistical rea-
sons. These patients were asked to return on an out-
patient basis for CFS within the first 3 weeks postop-
eratively. Intraoperative scans were performed by the
attending vascular surgeons after completion of the
CEA. The technique has been previously described.2,3
In brief, the common, external, and internal carotid
arteries were scanned with a 10-MHz probe encased
in a sterile plastic sheath brought into the surgical field.
Longitudinal and selected transverse scanning were
performed to identify any technical imperfections,
such as increased velocity and turbulence, retained
proximal or distal atheroma, flaps, or fronds. Both B-
mode images and velocities were recorded. Criteria for
detection of a hemodynamically significant carotid
stenosis (more than 75% area reduction) were based
on an elevated internal carotid artery peak systolic fre-
quency (8000 MHz) or velocity (250 cm/s). Before
1995, we used the large 10-MHz scan head, which
was the smallest available scan head for our scanner
(Advanced Technology Laboratories, Bothell, Wash).
However, since 1995, we have used the 10-MHz 
linear array transducer with the small footprint that 
is provided with the duplex scanner (Advanced
Technology Laboratories). 
Our noninvasive peripheral vascular laboratory at
Loyola is accredited by the Intersocietal Commission
for the Accreditation of Vascular Laboratories and
staffed by experienced vascular technicians who are
Registered Vascular Technologist certified. All stud-
ies were reviewed by the attending vascular surgeons.
Ongoing accuracy statistics are calculated by compar-
ing the results of CFS with those of angiography, the
surgical specimen, or both.
Statistical analysis. c 2 (3 · 2 table) was used to
compare the incidence of recurrent carotid stenosis
in the different patient groups.
RESULTS
Patient characteristics. In an 11-year period
ending in 1997, 560 patients, 325 men and 235
women, underwent 621 CEAs. The average patient
age was 66 ± 10 years. Forty-eight percent of patients
were symptomatic at the time they underwent
surgery. The operative stroke rate for these patients
was 1.1% (6 of 560).
Intraoperative duplex scan. Intraoperative
scanning was not performed in every patient under-
going a CEA at our institution. In the first 7 years of
the study, intraoperative scanning was not yet rou-
tine and was performed on 316 of 362 CEAs
(87%).1 In the latter part of the study, most patients
received an intraoperative CFS, except when the
scanner was unavailable after hours or on weekends.
Thus, this review comprises 305 CEAs that were not
previously reported. CFS was performed after all
621 CEAs, and 445 (71.6%) were found to be
unequivocally normal. There were 166 vessels
(26.7%) with some abnormality detected on CFS; in
146 of these, the defect was judged to be minor, and
no correction was deemed necessary. Most of the
defects that were not repaired were either a promi-
nent shelf of the common carotid artery (CCA)
atheroma or a small (less than 3 mm) frond, pre-
sumably a retained piece of media that protruded
into the lumen (Table I). In 20 vessels (3.2%), major
defects requiring immediate revision were identified
(Table II). These abnormalities represented larger
B-mode defects or highly mobile fronds during sys-
tole and diastole. Nineteen of these 20 patients
awoke from anesthesia neurologically intact. One
patient awoke from anesthesia with temporary wors-
ening of her preoperative deficit; her condition sub-
sequently improved. The study was unsatisfactory in
10 cases (1.6%) because of the inability to image
through the patch (usually polytetrafluoroethylene)
or to clearly examine the internal carotid artery
(ICA) end point. (In the latter 10 cases, a subse-
quent early postoperative scan was read as normal,
and these patients were not included in any further
analysis.)
First postoperative scan. The first postopera-
tive CFS was routinely obtained on the day after the
operation, except when the scanner was unavailable.
The first postoperative CFS was performed before
discharge from the hospital or within the first 3
weeks after CEA in 94% of patients. Patients who
did not receive early postoperative scans were
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Table I. Minor defects detected by means of intra-
operative color-flow scanning that were not cor-
rected
Defect Number of vessels
Retained atheroma or thickened intima in CCA 38
Retained atheroma or thickened intima in ICA 15
Retained atheroma or thickened intima in ECA 3
Frond, less than 3 mm 36
Thickened wall 13
ICA kink 7
ICA turbulence or high velocity 11
Other 23
Total 146
CCA, common carotid artery; ICA, internal carotid artery; ECA,
external carotid artery.
excluded from further analysis. In patients with a
normal intraoperative scan, 17 vessels were noted to
have an elevated systolic frequency: 4 normalized by
3 months; 4 normalized by 6 months; 4 persisted at
6 months; and 5 patients were lost to follow-up. Of
the 146 arteries with a “minor” abnormality seen by
means of the intraoperative scan, 138 (94.5%) had
no abnormality detected by means of their first post-
operative scan. In the remaining eight patients,
seven patients with elevated intraoperative peak sys-
tolic frequency had a persistent elevated frequency
(more than 8000 Hz), and one patient had an unsat-
isfactory scan because of neck swelling. 
All patients who had an immediate revision of
their CEA on the basis of the intraoperative scan had
a normal postoperative scan. 
Second postoperative scan. Six patients died
before their 6-month follow-up appointment, and 33
(7.4%) patients refused to return for their outpatient
appointment or were lost to follow-up. Seventeen
(4.2%) of the remaining 406 normal vessels on intra-
operative CFS had an increased velocity consistent
with a 75% area reduction in the ICA at 6 months. In
the latter group, 13 (3.2%) had a normal intraoperative
and first postoperative CFS, and four had an abnormal
first postoperative scan. Only one of those patients had
a redo CEA for a high grade recurrent stenosis. 
In the group of 138 vessels with “minor” intraop-
erative defects that normalized on postoperative day
1, two patients were found with increased velocities in
the ICA and six patients were lost to follow-up. For
the remaining eight vessels with a persistent abnor-
mality at day 1, one patient continued to have
increased velocity in the operated ICA opposite a
high-grade stenosis, and another patient had an
increasing stenosis in a common carotid to ICA vein
graft. In the latter patient, an angiogram was obtained
to confirm the vein graft stenosis, and a redo bypass
graft was performed. Three other vessels with
increased velocities on the first postoperative scan
normalized at 3, 12, or 24 months. One patient died
1 month postoperatively of complications of a stroke
caused by an occluded ICA detected 1 week postop-
eratively, and two patients were lost to follow-up.
Six months postoperatively, a follow-up CFS was
obtained in 18 of 20 patients who had an immediate
revision. One patient died of a stroke 5 months post-
operatively, and one patient refused to return for fol-
low-up examination. There was no evidence of resid-
ual or recurrent disease in any patient, except in one
patient (5.5%) who had a documented asymptomatic
recurrent carotid stenosis at 6 months; she subse-
quently moved out of state. The incidence of docu-
mented recurrent carotid stenosis in the vessels with
normal intraoperative CFS, abnormal CFS but not
revised, and abnormal CFS and revised was 4.2%,
2.9%, and 5.5%, respectively (P = .745; c 2 3 · 2
table). At 6 months, the stroke rate for the three
groups was 0.7%, 1.4%, and 5%, respectively (P =
.181; c 2 3 · 2 table).
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Table II. Major defects detected by means of color-flow duplex scanning that required immediate intraop-
erative revision
Patient Age Sex Indications Side Shunt Patch Findings
1 62 F Symptomatic L No Vein Distal dissection
2 66 F Symptomatic L Yes Vein Distal frond
3 66 M Symptomatic L No Dacron Distal frond
4 59 F Asymptomatic L No None Distal frond
5 73 M Symptomatic L Yes PTFE Distal frond, turbulence
6 86 F Symptomatic L No Dacron CCA frond
7 68 M Asymptomatic L Yes Dacron ECA flap, turbulence
8 73 M Symptomatic L No None ECA flap
9 73 M Symptomatic L No Dacron Frond
10 82 M Asymptomatic R No Dacron Frond
11 63 F Asymptomatic R Yes None CCA frond
12 78 M Symptomatic L Yes Dacron Proximal frond
13 72 M Symptomatic L No None Retained plaque/clot
14 65 F Symptomatic L No None Retained plaque/clot
15 72 M Symptomatic L No Dacron Retained plaque
16 71 M Symptomatic R No Dacron Retained plaque
17 76 F Asymptomatic R No Dacron Retained plaque
18 69 M Asymptomatic L No Dacron ECA low flow
19 68 F Asymptomatic L No Dacron ECA low flow
20 53 M Asymptomatic L Yes None High frequency
PTFE, polytetrafluoroethylene; CCA, common carotid artery; ECA, external carotid artery.
DISCUSSION
The durability of CEA can be affected by many
factors, including the manner in which the operation
is performed. In 1976, we decided to examine all
patients the day after operation so that we could dif-
ferentiate between persistent and recurrent stenosis.
In 1986, we began intraoperative interrogation of
the operated carotid, but continued our policy of
postoperative day 1 examinations.1 In this era of cost
containment, because many surgeons (ourselves
included) may not routinely reoperate on early
carotid stenosis, we questioned the need for both
examinations and thus reviewed our experience. 
The purpose of objectively assessing the ICA in
the operating room after CEA is to ensure vessel
patency and absence of technical imperfections that
may lead to a residual or recurrent stenosis or occlu-
sion and subsequent stroke. Early postoperative
carotid CFS (within the first 3 weeks) is mainly per-
formed to distinguish between residual and true
recurrent stenosis. Various methods have been used
for intraoperative examination of the ICA after CEA.
Roon and Hoogerwerf4 performed intraoperative
angiography on 535 patients and found 11 (2.1%)
defects that required immediate revision. They noted
that their operative morbidity and mortality improved
from 4.5% to 1.3% after they began to use this
method. Kinney et al2 from the Medical College of
Wisconsin used multiple modalities to evaluate the
vessels after CEA. They found that the incidence of
postoperative hemodynamically significant stenosis or
occlusion was significantly increased in the vessels that
were not evaluated intraoperatively or that had a sig-
nificant residual flow abnormality, defined as a peak
systolic velocity greater than 126 cm/s. Moreover,
patients who had a normal intraoperative CFS had a
lower stroke rate on long-term follow-up. Several
other investigators reported their experience with
intraoperative CFS.3,5-7 The incidence of abnormali-
ties detected intraoperatively is variable and can be as
high as 45%.5 Many of the defects are considered to
be minor and do not require revision. Padayachee et
al3 observed that 80% of adherent fronds seen on
intraoperative CFS resolve in follow-up.
In a previous report from our institution, intra-
operative CFS was abnormal in 19.6% of cases, but
only 2.8% of vessels required immediate revision.1
The incidence of late stenosis, at a mean follow-up of
22 months, was significantly higher (17% vs 4.3%) in
vessels with minor abnormalities that were not
revised. Bandyk et al5 found that residual flow dis-
turbances were a harbinger for an increased rate of
restenosis or occlusion at 3 months, 1 year, and 2
years, compared with vessels that had normal flow.
Others have found that minor flow disturbances
detected intraoperatively do not necessarily lead to
recurrent lesions.3,7 In this study, slightly more than
half the patients were accrued by 1994 and were
included in our first report. Initially, we used selective
patching, but in the last 5 years, we used Dacron
patches for more than 95% of our CEAs. The inci-
dence of significant defects requiring immediate revi-
sion has remained fairly constant (2.8% vs 3.2%). Our
current findings indicate that the incidence of recur-
rent stenosis at the 6-month mark does not appear to
be higher in vessels with minor flow abnormalities.
Longer follow-up will be required to determine if
these minor flow disturbances are indeed benign.
The purpose of this review was not to substantiate
our previous findings, but rather to examine the
necessity of an early CFS postoperatively.
Routine postoperative surveillance with serial
CFS is aimed at detecting recurrent stenosis and
guiding intervention before the appearance of symp-
toms. However, the ideal timing of these studies has
not been determined. Mattos et al8 found that more
than 70% of recurrent lesions occur in the first 2 years
after CEA, and most lesions are asymptomatic.
Golledge et al9 obtained CFS at 1 day and 1 week,
then at 3, 6, 9, and 12 months after CEA. Patches
were used selectively, and intraoperative evaluation
was made by means of continuous-wave Doppler
scanning. They detected postoperative suture steno-
sis in 10% and ICA kinking in 5% of their patients on
the first postoperative day CFS. They found that the
incidence of recurrent carotid stenosis identified 2
years after CEA correlated well with a residual steno-
sis seen on the first postoperative CFS and vessels
with a small luminal diameter. In our study, the post-
operative day 1 CFS was helpful in evaluating the ves-
sels that were not completely scanned intraoperative-
ly (10 arteries). Most vessels with minor abnormali-
ties intraoperatively were normal postoperatively.
The ideal timing and frequency of postoperative
CFS are not known. First, a distinction must be made
between residual and recurrent carotid stenosis.2,9
Intraoperative CFS should reliably detect any residual
disease and allow the surgeon to correct the problem
before leaving the operating room. Mattos and col-
leagues10 from the University of Iowa found that 96%
of patients with recurrent stenosis had the stenosis
detected within the first 15 months postoperatively.
They observed that frequent postoperative CFS was
unnecessary and suggested that surveillance should be
performed at 1 and 12 months. It should be noted,
however, that they did not perform intraoperative CFS.
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Our study substantiates that intraoperative CFS
was valuable in detecting significant lesions that could
have potentially led to an adverse neurological out-
come in 3% of our patients. However, the postopera-
tive day 1 CFS did not provide any useful clinical infor-
mation that altered patient care and, accordingly, we
have eliminated them in most patients. It should be
noted, however, that 25 carotid arteries that were
either normal or had a “minor” abnormality intraop-
eratively had significantly elevated velocities (by our
criteria, more than 75% area reduction) on postopera-
tive day 1. Only one patient required an angiogram
and revision for a vein graft stenosis at 3 months post-
operative. Of the other 24 patients, 11 had stenoses
that normalized in follow-up, five had stenoses that
persisted, seven were lost to follow-up, and one died.
This shows that we have more confidence in the intra-
operative, rather than the postoperative, CFS. These
patients should be closely observed to verify the wis-
dom of this algorithm. The first postoperative day scan
may be useful in patients with an unsatisfactory intra-
operative examination. Future reviews will attempt to
correlate both “major” and “minor” intraoperative
abnormalities, with the appearance of recurrent steno-
sis and the development of early and late strokes, to
determine the appropriate timing and necessity of
postoperative duplex scans.
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